ABSTRACT
INTRODUCTION
For the demersal fishes that inhabit sandy beaches, lighting variation between day and night periods and tidal cycles represent a determinant factor in their behavior, especially for individuals that live in shallow waters (Rountre & Able, 1993; Paiva et al., 2009) . Moreover, the incident light exerts influence on the abundance of many species, changing in the composition and richness of fish assemblages (Clark et al., 1996) . These changes in fish community may be associated with the use of the sandy beach at different times of the day. This ecosystem can be used for diverse purposes, such as (1) daily movements among adjacent habitats, (2) changes in patterns of local activities (e.g. foraging and breeding activities, predator avoidance behavior) and (3) response to variations in the physical conditions (Rountree & Able, 1993; Morrison et al., 2002; Ribeiro et al., 2006; Hagan & Able, 2008) . The behavior of the ichthyofauna along the diel light cycle differs among species, generating differences in catchability (Parsley et al., 1989) . Thus, some species have a higher catch rate during the day while others have a higher catch rate at night (Nash & Santos, 1998) . In this context, the hypothesis that the fish assemblage is differentially structured between day and night period was tested. In Brazil, some studies have been performed focusing on fish assemblages and nictemeral variations Pessanha & Araújo, 2003; Barreiros et al. 2005; Gaelzer & Zalmon, 2008; Oliveira-Neto et al., 2008; Félix-Hackradt et al. 2010; Vasconcelos et al. 2010; Ribeiro et al. 2014) . It is important to note that all publications refer to the South and Southeast regions. In addition, the variations between day and night are associated with seasons. Therefore, this research aims at filling the knowledge gap regarding nictemeral variations in fish assemblages of Northeastern Brazil. In the north coast of Rio Grande do Norte, some activities as the salt industry, shrimp farming and trawling (Ibama, 2007; Idema, 2008) , cause severe impacts that can modify the structure and dynamics of demersal fish assemblages in the region. The environmental effects of these activities are still unknown because studies in the area are scarce. This research will provide the basic information regarding structure patterns of the fish community and their nocturnal use of the area, which are important elements to understand the dynamics in fish populations of tropical sandy beaches. Thus, this research aims at determining whether there are differences in the fish assemblage structure of the sandy beach of São Cristóvão, RN, Brazil, between diurnal and nocturnal periods.
MATERIALS AND METHODS
São Cristóvão Beach (4º55'29.83'' S and 36º57'2.91''W), on the Northern coast of the State of Rio Grande do Norte (Figure 1) , is characterized by the presence of a wide bay and the predominant substrate is sandy/muddy. This beach is located between two estuarine complexes: the Apodi-Mossoró River in the west (distant 19.50 km approximately) and the Piranhas-Assú River in the east (distant 25.00 km approximately), with a prevailing westbound current. This region is characterized by a semiarid and hot climate, with two distinct seasons: a dry (June to January) and a rainy season (February to May) with mean annual precipitation lower than 750 millimeters (Idema, 2008) . The tides are semidiurnal; average sea level is 133.1 centimeters, the amplitude of the neap tide is 127.79 cm and the spring tide amplitude is 284.55 cm (Idema, 2003) . Samples were carried out in April, May, July, September and November 2011, always in high tide during spring tide period. A 15 m long and 8.6 m wide otter trawl net (4 cm mesh) was pulled by a shrimp boat with a 46 Hp, six-cylinder motor, at a speed of 2.5 knots. Two otter trawl samples were collected on the same day, one during the day and one at night. This otter trawl is the same fishing gear used in the region for shrimp fishery. Each haul lasted 15 minutes, which were conducted parallel to the coastal line, at a depth of 6 meters in the direction of the current. The fish captured were stored in a Styrofoambox, identified, measured (total length) and photographed at the Marine Fish Biology and Population Dynamics Laboratory. The samples were stored at this laboratory under the numbers 1-50. The assemblage structure was evaluated regarding species abundance and frequency of occurrence for each period (diurnal and nocturnal). The methodology used for this classification was based on Garcia & Vieira (2001) . Species were considered abundant when the capture percentage (CP%) was higher than 100/S, where S is the number of species. Species with frequency of occurrence (FO) higher than 50% were considered frequent. After this analysis, species were classified according to their CP% and FO% (Table  1) . Species were classified according to the trophic levels determined by Bouchon-Navaro et al. (1992) , which place fish into the following categories: planktivores (P) -food is composed mainly of plankton; omnivores (O) -species that feed on invertebrates and at least 10% of algae; herbivores (H) -from algae to seagrass; first order carnivores (IC) -small benthic invertebrates; second order carnivores (IIC) -invertebrates and fish; third order carnivores (IIIC) -fish makes up 80% of the food ingested. The species that were not evaluated by Bouchon-Navaro et al. (1992) and Paiva et al. (2009) were classified based on their food items, as available in the following website: www. fishbase.org. (Froese & Pauly, 2014) . To characterize the fish assemblage, the Shannon's diversity index (H') was used and it is expressed in the equation H´= -Σ (pi) (log 2 pi), where: "pi" is the quotient of the number of individuals of species "i" divided by the total number of individuals (Magurran, 1988) ; Primer 6.0 software was used (Primer-E 2009) for this analysis. The density was calculated for each species in both periods (day and night), being density (d) expressed as the number of individuals for a given specie in relation to the sampled area. The values were standardized for an area of 100 square meters. The data were not normally distributed (Liliefors test), while variances were homoscedastic (Bartlett test). For this reason, the nonparametric Mann-Whitney test was used to compare variations in density, diversity index, trophic categories and total length of species between day and night periods. For this purpose, the software BioEstat 5.0 was used (Ayres et al., 2007) . A Bray-Curtis dissimilarity matrix was built based on square-root transformed data on fish density. From this matrix, samples were graphically represented by a non-metric multidimensional scaling (nMDS) ordination (Clarke, 1993) . A permutational multivariate analysis of variance (PERMANOVA) (Anderson, 2001 ) was used to test the null hypothesis of no difference in fish community and trophic structures between diurnal and nocturnal periods, with the presence and absence of shoaling species which are likely to be present during the sampling. Statistical significance of PERMANOVA was tested with 4999 residuals permutations under an unrestricted permutation method and type III (partial) sums of squares. The similarity percentage analysis (SIMPER) (Clarke, 1993) was used to ascertain which species contributed the most with the dissimilarity between periods. All multivariate analyses were performed in Primer V6 & PERMANOVA+ (Anderson & Gorley, 2007) .
RESULTS
Assessing the assemblage structure, 36 species belonging to 17 families were recorded. Of these, 33 occurred during the day and 23 at night, totaling 2189 and 1752 sampled individuals, respectively. Sciaenidae was the most representative family concerning the number of species and individuals in both periods (Table 2) . NA-I CP% < 100/S e FO% ≤ 50% NA-F CP% < 100/S e FO% >50% A-I CP% > 100/S e FO% ≤ 50% A-F CP% > 100/S e FO% > 50% Figure 2 ). The non-metric multidimensional scaling ordination showed the formation of two different groups, suggesting segregation in the fish assemblage between diurnal and nocturnal periods (Figure 3 ). This segregation was confirmed by PERMANOVA results (Table  3) . The PERMANOVA analysis was also redone after the removal of the shoaling species C. bleekerianus and P. harroweri from the data to confirm this result. The analysis confirmed that, even in the absence of shoals, there are differences between the densities at day and night periods ( Table 4) . The SIMPER analysis demonstrated that six species contributed together with over 85% of the dissimilarity between diurnal and nocturnal periods. Species with higher percentage contributions were C. bleekerianus and L. breviceps (Table 5 ). Comparing species densities between periods, it was verified that only L. breviceps and C. spixii were significantly more numerous at night (both with p values = 0.02; Z (U) = 1.0) and C. bleekerianus during the day (p = 0.04 and Z (U) = 2.5).
No statistical difference was observed for diversity (day = 1.26 ± 0.46; night = 1.74 ± 0.16) of fish assemblage between diurnal and nocturnal periods (diversity -Z (U) = 1.2534 and p = 0.1050). Amongst trophic categories, first order carnivores (IC = 1.921 individuals) (p = 0.02; Z (U) = 1.0) and third order carnivores (IIIC = 1.550 individuals) (p = 0.046; Z (U) = 2.5) were significantly more representative during the night and the day, respectively (Figure 4) . The category of third order carnivores was represented exclusively by C. bleekerianus, which was statistically more abundant during daytime. Regarding the total length of fish, only four species presented significant differences between periods. Isopisthus parvipinnis (Cuvier, 1830) and Conodon nobilis (Linnaeus, 1758) presented individuals of greater length during the day, while individuals of Pomadasys corvinaeformis (Steindachner, 1868) and Bagre marinus (Mitchill, 1815) were bigger at night. (Figure 5 ). 
DISCUSSION
The São Cristóvão sandy beach is composed by a diverse fish assemblage and some species are abundant and common in day and night periods. In Brazil, it is noticeable that Sciaenidae contributes with the largest number of species (LoweMcConnell, 1999) and it is mentioned as the richest and most abundant family in several Brazilian studies concerning sandy beach ecosystems (Godefroid et al., 2004; Freitas et al., 2011; Dantas et al., 2012) . The occurrence of few dominant species, either in number or in biomass, and the presence of many occasional and sporadic species is a commonly observed pattern in sandy beaches (Godefroid et al., 2003; Felix et al., 2007 , Dantas et al., 2012 . This pattern was observed in this study due to the considerable number of species classified as not abundant and infrequent and as not abundant and frequent. Only Micropogonias furnieri, Opisthonema oglinum and Symphurus plagusia occurred exclusively at nocturnal periods. However, due to the low abundance and frequency of occurrence in the samples, it is not possible to state that these species occur mainly in the night period. The most numerous species during the day (Chirocentrodon bleekerianus and Pellona harroweri) usually form shoals, which are generally larger and more common during the day (Helfman, 1993; Oliveira-Neto et al., 2008) . In shoals, these species are more protected from visual predators such as fish and seabirds (Félix-Hackradt et al., 2010) . However, the observed variations in densities between periods did not occur only by the presence of shoals (PERMANOVA analysis without shoaling species), but also because of the representativeness of species that were sampled more at night (Larimus breviceps, Stellifer rastrifer, Cathorops spixii and Stellifer stellifer). This result substantiates that the dissimilarity occurred mainly due to the influence of these six species densities. Besides, diel activities of fish species, especially juveniles, may differ from one area to another, even for a given species (Vasconcellos et al., 2010) . Thus, the possible causes of such changes require further investigation. Biological interactions can influence the diel differences in abundance, richness and diversity of fish assemblages in sandy beaches. Some of these interactions are predation (many species remain sheltered during the day and are active at night to avoid visually orientated predators), behavioral aspects (larger individuals with a higher swimming capability can avoid fishing nets during periods of light) and local features (presence of macroalgae beds can provide shelter and food) (Galzer & Zalmon, 2008) . In this study, the diversity index did not present differences between periods. Another studies also related no correlation among ecological indexes and diel variations observed in the assemblage (Pessanha & Araújo, 2003; Félix-Hackradt 2010) . It is important to mention that this region is poorly studied and it is not known if there are seagrass and macroalgae beds in the vicinity of the sampled area, for example. The presence of seagrass beds is cited in some researches as being one of the main reasons for differences and variations recorded in fish assemblage between day and night periods, e.g. Galzer & Zalmon, (2008) and Jarrin & Shanks (2011) . Fishes that feed on mobile invertebrates are expected to be abundant on soft bottoms, since crustaceans, molluscs and polychaetes are food resources that can achieve high abundance and biomass within sandy beach ecosystems (Schlacher et al., 2008) . It is suggested that, at night, the behavior of endobenthic species, mostly composed by crustacean decapods, is influenced by light (Aguzzi et al., 2015) . These species emerge from the sediment at night and return to their diurnal shelters at daytime. This behavior can be considered as a trade-off between natural mortality due to predation and energy gains (Aguzzi et al., 2015) . Thus, the most primitive fish species, with more generalist oral apparatus, such as catfish, grunts and drums, would benefit from those more vulnerable preys at night (Hobson, 1976) . Besides, demersal species use to move more actively during the night in search for small crustaceans, which are their main food items (Maes et al., 1999; Pesanha et al 2003b) . The fact that first order carnivores had shown high density at night is mainly associated with L. breviceps and C. spixii, which were the most abundant species during this period. C. bleekerianus is a piscivore or third order carnivore as adult, feeding mainly on small fish (Sazima et al., 2004; Corrêa et al., 2005) . Based on the length of first sexual maturity (76 mm) (Corrêa et al., 2005) , 90% of C. bleekerianus sampled was composed of adults. This fact demonstrates the availability of small fish in the sampling area. Besides this, it is possible that herrings rely mainly on vision to capture their prey. Thus, its high density during the day may have been favored by the presence of light, as observed in Trachinotus carolinus (Linnaeus, 1766) in Guanabara Bay (Rio de Janeiro, Brazil) during the day (Vasconcelos et al., 2010) . Length differences among sampled individuals during the day and at night can be attributed to the nocturnal habits of adult fish, which are less numerous and sociable, but are greater in size and biomass (Vasconcellos et al., 2010) . However, only Pomadasys corvinaeformis and Bagre marinus presented statistically higher lengths at night compared to the diurnal period. In a study performed at Pontal do Sul beach, Paraná, it was verified that the capture of individuals of P. corvinaeformis with greater weights was more expressive at night than during the day (Godefroid et al., 1998) . This may be attributed to their closeness to the shallow coastal zone to avoid predators that rely mainly on vision to search for preys (Abou-Seedo et al., 1990; Félix-Hackradt 2010) . There are many reasons for juvenile and small-sized fishes to approach shallow and coastal areas. One of these reasons is the search for shelter and refuge from predators in subtidal zones (Wright, 1989; Gibson et al. 1996; Pesanha et al. 2003b; Dulcic et al. 2004) . Also, it is believed that the lack of larger fish at night is related to the low depth of the beach, which is naturally shallow. Thus, this low depth does not allow the establishment of adult larger fish, providing a safe environment for juveniles and small species at any time of the day. This statement is reinforced by the fact that the only species that feed on fish is the small clupeiform C. bleekerianus, considered as top predator in this research. In accordance with the obtained results, it can be suggested that the demersal fish assemblage of São Cristóvão beach presented variations regarding the density of individuals between diurnal and nocturnal periods, but such variations were not observed for diversity and richness indexes. Dissimilarities were also recorded in trophic categories and in total lengths of individuals; however this occurred due to the high density of some species. Moreover, the low depth of the beach may prevent the establishment of adult fish larger size, thus becoming a favorable environment for juveniles and small-sized species. These results reinforce the need for more specific researches to achieve a better understanding of the dynamics of fish assemblage in sandy beaches.
